Gynura pseudochina (L.) var. hispida Thv. (Asteraceae) has been used in traditional medicine in Thailand for the treatment of conditions associated with chronic and acute inflammation. In continuation of our search for bioactive natural products from Thai medicinal plants, G. pseudochina var. hispida showed potential in vitro NF-ĸB (Nuclear Factor kappa B) inhibitory activity and, therefore, was chosen for bio-assay-guided isolation of active compounds. Bioassay-guided fractionation of the methanol extract of the leaves of G. pseudochina var. hispida led to the isolation and identification, by spectroscopic and mass spectrometric methods, of four compounds previously not reported from this poorly studied species: Quercetin 3-rutinoside (1), 3,5-di-caffeoylquinic acid (2), 4,5-di-caffeoylquinic acid (3), and 5-monocaffeoylquinic acid (4). This paper discusses the current knowledge of these active components as NF-ĸB inhibitors, which lends some support to the use of this plant in traditional medicine. Potential risks associated with pyrrolizidine alkaloids will, however, have to be investigated further.
Controlling inflammation is becoming a key for curing and preventing many diseases including cancers. In the past fifteen years, nuclear factor kappa B (NF-κB) has been studied as a key factor which triggers inflammation. A large number of natural products from various chemical classes have been found to have NF-κB inhibitory properties [1, 2] . In our previous study, among all the selected Thai plant species, Gynura pseudochina (L.) DC. var. hispida Thv. (Asteraceae) was the most potent inhibitor of NF-κB in HeLa cells, with the lowest IC 50 value (42.0 µg/mL), without any toxicity in this model [3] . The lack of reported chemical research on this species has made it an obvious candidate for a more detailed phytochemical study.
G. pseudochina var. hispida grows in most tropical areas of Africa and Asia / S.E. Asia. In Thailand, the leaves have been used for the treatment of herpes infections, burning pains and as a poultice for abscesses, all uses associated with possible anti-inflammatory effects [4] . Fresh leaves and rhizome are used topically against inflammation and herpes infections. The root can also be used internally for pain and fever [5, 6] . In addition, the water extract of the leaves has been prescribed for treating AIDS. At a concentration of 200 µg/mL, the water and methanol extracts of the leaves demonstrated 58% and 35% in vitro HIV-1 reverse transcriptase inhibitory activity [7] . So far no information on the species possible effects in inhibiting NF-ĸB activation has been reported. Therefore, the aim of this study was to evaluate the popular use of this plant species in more detail and to search for compounds responsible for the anti-inflammatory activity.
Hepatotoxic pyrrolizidine alkaloids (PAs) are well known from the Senecioneae, to which the genus Gynura belongs. In fact, senecionine, seneciphylline, seneciphyllinine and (E)-seneciphylline have been reported from G. segetum [8, 9] . The presence of such toxins would make the safe use of this species highly problematic. Therefore, extracts of this species were subjected to phytochemcial screening for hepatotoxic pyrrolizidine alkaloids in order to gain more knowledge about toxic effects of this plant. This paper is a first step in a systematic biomedical evaluation of G. pseudochina var. hispida, with a long history of medicinal uses.
Isolation of active constituents from G. pseudochina var. hispida: Bioassay-guided fractionation of the methanol extract of the leaves of G. pseudochina var. hispida led to the isolation of quercetin 3-rutinoside (1), 3,5-di-caffeoylquinic acid (2), 4,5-di-caffeoylquinic acid (3), and 5-mono-caffeoylquinic acid (4). These compounds NF-ĸB inhibitory activity of isolated compounds: NF-ĸB inhibitory effects were assessed at non-toxic concentrations (using the MTT assay). IC 50 values of each compound were determined by regression analysis and expressed as mean ± S.D., as shown in Table 1 . (1) 24.1 ± 0.1 3,5-Di-caffeoyl quinic acid (2) 42.8 ± 0.2 4,5-Di-caffeoyl quinic acid (3) 49.1 ± 0.1 5-Mono-caffeoyl quinic acid (4) 83.0 ± 0.1 Parthenolide (active control)
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Quercetin 3-rutinoside showed the highest NF-ĸB inhibitory effect followed by the three caffeoylquinic acid derivatives (Table 1) . However, all the compounds isolated are still considerably less effective than parthenolide, which was used as a positive control [10] .
Anti-inflammatory potential of G. pseudochina var.
hispida -a critical assessment: Quercetin 3-rutinoside and three caffeoyl quinic acid derivatives were isolated from the methanol extract of G. pseudochina var. hispida through activity-guided fractionation and were found to be effective at inhibiting NF-ĸB activation. Some of the compounds were reported to possess antioxidant activity, which is one of the mechanisms of NF-ĸB inhibition, since NF-ĸB has been known as a redox sensitive transcription factor. Quercetin 3-rutinoside, one of the compounds that showed antioxidant activity, was previously isolated from G. formasana, guided by the DPPH scavenging assay [11] .
Endringer et al. [12] also found that quercetin rutinoside isolated from Hancornia speciosa demonstrated a NF-ĸB inhibitory effect in 293 cells with an IC 50 = 16.4 ± 3.8 µg/mL, which is similar to our value in stably transfected HeLa cells (IC 50 = 24.1 ± 0.1 µg/mL). Similarly, at 20 μg/mL, quercetin rutinoside was non-toxic (viability > 90%) to the tested cells, including human lung carcinoma (LU1), hormone-dependent human prostate carcinoma (LNCaP), human hepatoma cells (HepG2), and human breast carcinoma (MCF-7) cells. This finding is in agreement with our study in that quercetin 3-rutinoside was also non-toxic to HeLa cells at concentrations of 10-100 µg/mL. Pharmacological activities of mono-caffeoyl quinic acid have been reported widely as it has been found abundantly in many plant species [15] . Chlorogenic acid, isolated from Lonicera japonica, was found to contribute to the antioxidant activities in the DPPH and ferric reducing antioxidant power (FRAP) assays [16] . It was found that chlorogenic acid could protect against environmental carcinogenesis and was suggested that the chemopreventive effects of this compound may be through its up-regulation of cellular antioxidant enzymes and suppression of ROS-mediated NF-κB, AP-1, and MAPK activation [17] .
Furthermore, Shan et al. [18] found that in RAW264.7 cells chlorogenic acid can suppress LPS-induced COX-2 expression, but not iNOS, by attenuating the activation of NF-κB and JNK/AP-1 signalling pathways, suggesting that chlorogenic acid could exert anti-inflammatory effects through inhibiting PGE 2 production, and this might be the reason that the compound inhibited NF-ĸB activation in our study. The study also found that, in the MTT assay, chlorogenic acid, even at 50 μg/mL, did not affect cell viability in RAW264.7 cells and no cytotoxicity was detected from 12.5 to 50 μg/mL, similar to our result in that this compound showed non-toxicity on HeLa cells at all tested concentrations from 10-100 µg/mL.
Pyrrolizidine alkaloids determination:
The ComfreyPAs fraction (positive control, containing PAs) showed three magenta-colored bands on TLC (Rf values = 0.04, 0.08 and 0.10) indicating unsaturated PA N-oxide, as described by Mattocks and Jukes [19] . The methanol and ethyl acetate extracts of G. pseudochina var. hispida also showed two magenta-colored bands (Rf = 0.04 and 0.08), which gave positive reactions to the spray detecting reagent, similar to that of Comfrey. HPLC-analysis also indicated the presence of Pas, but remained inconclusive due to a lack of pure standards (data not shown).
Conclusions: From our previous study, the methanol extract of G. pseudochina var. hispida was identified as the most potent NF-ĸB inhibitor among our plant collection. At the concentrations tested, extracts of this species showed neither cytotoxicity against either HeLa or leukaemia cells, nor did they show relevant antioxidant effects, although the ethyl acetate extract showed a high content of phenolics [3] . The active principles were identified as quercetin 3-rutinoside (1), 3,5-dicaffeoylquinic acid (2), 4,5-di-caffeoylquinic acid (3), and
Components of Gynura pseudochina var. hispida as NF-ĸB inhibitors Natural Product Communications Vol. 6 (5) 2011 629 5-mono-caffeoylquinic acid (4), which are not novel compounds, but are reported from this species for the first time. Overall, this work supports, for the first time, the traditional use of G. pseudochina var. hispida as an antiinflammatory herbal remedy that targets the NF-ĸB pathway. Also, as far as we know, 3,5-di-caffeoylquinic acid and 4,5-di-caffeoylquinic acid have not been reported previously as NF-ĸB inhibitors. However, these compounds are very likely accompanied by PAs, which may pose a risk to the user. Until the identity of these toxic alkaloids is ascertained (ongoing work) precautionary measures (e.g. Vallejo et al. [20] ) are needed at all levels to prevent potential risks to users of this herbal medicine.
Experimental
Plant material: G. pseudochina var. hispida leaves were collected from farmland in N.E. Thailand, mainly in Buriram Province, during September to October 2006. A voucher specimen (accession no. NS06/00005) was deposited in the herbarium of the Centre for Pharmacognosy and Phytotherapy, School of Pharmacy, University of London.
Extraction and isolation:
The leaves of G. pseudochina var. hispida were washed with water, dried in the shade at about 35-40˚C for several days, and processed to a fine powder using a laboratory scale mill. The ground leaves were extracted at room temperature using light petroleum, ethyl acetate and methanol, following a standardised protocol of the AINP (Anti-Inflammatory Natural Products from Plants) project [21] . Each solvent extraction was repeated 3 times; the extracts were combined and dried under reduced pressure using a rotary evaporator.
The methanol extract (3.2 g) that showed NF-ĸB inhibitory activity, with an IC 50 value of 42.0 µg/mL, was subjected to separation over a Sephadex LH-20 column, using a gradient elution of dichloromethane, methanol and water [70:30:0 (400 mL) , 50:50:0 (400 mL), and 0:50:50 (400 mL), respectively] to yield 60 fractions. The fractions were monitored using TLC with a solvent system of dichloromethane: methanol: acetic acid (80: 20: 1), and sprayed with 4% vanillin in sulfuric acid. The fractions which showed similar compounds were combined and dried using a rotary evaporator and nitrogen gas. A total of 12 fractions were re-dissolved in 96% ethanol to make a concentration of 10 mg/mL, filtered through a mini disk filter (0.45 µm), stored in amber glass bottles and kept at -20°C until used for the bioassays.
Fraction F24-34 (0.45 g), which showed NF-ĸB inhibitory (IC 50 value of 27.9 µg/mL), was separated again using a Sephadex LH-20 column using similar conditions as those described above. Eleven fractions (SF1-SF11) were obtained. Fraction SF7 was purified using preparative TLC (methanol: water: acetic acid = 80: 20: 1; detection with 4% vanillin in sulfuric acid) to give 3 fractions: SF7-1 (5.5 mg), SF7-2 (9.1 mg) and SF7-3 (n/a).
Further purification of fractions SF10, F38, and SF11, which were active as NF-ĸB inhibitors, was carried out using liquid-liquid partitioning between water and chloroform. The resulting water fractions were chromatographed on an HPLC column (ZORBAX Eclipse XDB-C18, 125 x 4 mm, Agilent Technology UK), eluted with solvent A: water plus 0.05% acetic acid, solvent B: acetonitrile, gradient method from 99% A to 1% A, in 30 min, to yield compounds 2 (28.9 mg, t R = 10.5 min), 3 (20 mg, t R = 10.3) and 4 (12.6 mg, , t R = 10.2 min). For structure elucidation of compounds 1-4, 1D and 2D NMR and ESI-MS experiments was performed.
By comparison of NMR spectral and mass spectrometric data with those in the literature, compound 1 was identified as quercetin 3-rutinoside [22] , 2 as 3,5-dicaffeoyl quinic acid [23] , 3 as 4,5-di-caffeoyl quinic acid [24] and 4 as 5-mono-caffeoyl quinic acid [23] .
NF-ĸB as a lead assay for guiding isolation of active anti-inflammatory compounds: Measurement of antiinflammatory activity was carried out using the NF-ĸB assay in HeLa cells stably transfected with a luciferase reporter gene controlled by the IL-6 promoter. The assay on PMA induced activation of NF-ĸB was performed following the method of Bremner et al. [25] .
Cytotoxicity assay: Cytotoxic activity was assessed using the MTT assay described by Mosmann [26] in order to obtain a starting concentration that is non-toxic to HeLa cells (< 20% cytotoxicity) for further investigation of NF-ĸB inhibitory activity.
Detection of hepatotoxic pyrrolizidine alkaloids (PAs):
Extracts of G. pseudochina var. hispida were investigated for hepatotoxic PAs using TLC with spray detection, following the method of Mroczek et al. [27] , using the PAenriched fraction of Symphytum officinalis (Comfrey) as control. To obtain the PAs enriched fraction, S. officinalis roots were extracted in 250 mL of 1% tartaric acid in methanol for 2 h. The extracts were dried using a rotary evaporator. The dry residue was dissolved in 10 mL of 0.05 M hydrochloric acid and transferred into the separating funnel for liquid-liquid partitioning clean up. At first, chloroform extraction was performed (2 × 50 mL). The water fraction was alkalized with 25% ammonia (pH = about 10.0), followed by extraction with a mixture of chloroform-n-butanol (2:1, v/v) (5 × 10 mL). Organic fractions were collected and evaporated to dryness. An oily alkaloid mixture was obtained as a PAs fraction.
The PAs fraction of Comfrey and the methanol and ethylacetate extracts of G. pseudochina var. hispida were separated using TLC (silica; chloroform-methanol-25% ammonia = 100: 10: 2). The plate was sprayed with natural product reagent, then heated at 70°C for 1 min using a hairdryer. The plate was sprayed again with Ehrlich reagent and heated for a further 1 min. The development of 630 Natural Product Communications Vol. 6 (5) 2011
Siriwatanametanon & Heinrich a magenta colour compared with the blank indicates the presence of an unsaturated PA N-oxide [19] .
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